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248a Monday, February 9, 2015robustness of the model by folding different WALP transmembrane helical
peptides starting from stretched, unstructured conformations using both simple
canonical simulations and enhanced-sampling techniques [4]. Finally, the
method is used to fold the 50-residue-long major pVIII coat protein (fd coat)
of the filamentous fd bacteriophage. The results show excellent agreement
with experimental structures and atomistic simulations in implicit membrane,
demonstrating that such a protocol can serve as a starting point for better-
refined atomistic simulations in a multiscale framework.
[1] Wang and Deserno, J. Phys. Chem. B 114, 11207 (2010).
[2] Bereau and Deserno, J. Chem. Phys. 130, 235106 (2009).
[3] Bereau, Wang, and Deserno, J. Chem. Phys. 140, 115101 (2014).
[4] Bereau and Deserno, submitted.
1252-Pos Board B203
Opening the Lateral Gate of the Rhomboid Protease Couples to Lipid
Binding
Ana Nicoleta Bondar1, M. Joanne Lemieux2.
1Freie Universitaet Berlin, Department of Physics, Berlin, Germany,
2University of Alberta, Department of Chemistry, Edmonton, AB, Canada.
Rhomboid intramembrane proteases dock and cleave transmembrane substrates
within the lipid bilayer. The conformational dynamics of the lipids, substrate
and rhomboid during substrate binding are poorly understood. A particularly
important question is whether during substrate binding the protease must
open a lateral gate - its transmembrane helix 5 - toward the lipid bilayer, and
if so how opening of the lateral gate couples to rearrangements of the surround-
ing lipids.
Experiments on the Hemophilus influenzae GlpG have identified mutations that
either promote or inhibit the catalytic activity of the protease. We thus reasoned
that understanding the conformational dynamics of active vs. inactive rhom-
boids can give insight into the motions compatible with productive substrate
binding.We performed prolonged all-atom simulations of wild type and mutant
H. influenzae GlpG for time scales of up to ~250ns. We find that, relative to the
wild type, in a triple mutant with enhanced catalytic activity the gate helix 5
displaces laterally. This displacement creates an opening at the substrate-
docking site that lipid molecules fill. The strong coupling between lipid and
protease dynamics revealed by the simulations suggests that lipid dynamics
can shape the energetics of substrate binding to the active site.
A-NB was supported in part by the Marie Curie International Reintegration
Award FP7-PEOPLE-2010-RG 276920 and by an allocation of computing
time from the North-German Supercomputing Alliance, HLRN. MJL was sup-
ported by grants from the Canadian Institutes of Health Research, the Alberta
Heritage Foundation for Medical Research, and a Tier 2 Canada Research
Chair.
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High density lipoproteins (HDL) prevent the formation of plaques in arteries
by transporting excess cholesterol from peripheral tissues to liver for excre-
tion. Hence, elevated levels of HDL is vital in controlling the progression
of cardiovascular diseases (CVD). Inspite of HDL’s preventive role in
CVD, very less is known about its structure and function. Recent chemical
cross-linking and mass spectrometry studies revealed that the core structure
of HDL is wrapped by three to five apoA-I proteins, which influence the bind-
ing of various metabolic enzymes like LCAT and CETP.1 A sophisticated
model of HDL wrapped with four to five apoA-I chains is still missing in
the literature, although some effort has been put forward to design the struc-
ture of HDL wrapped with smaller number of apoA-I chains.2 In the present
work, we propose a model of HDL that resembles the experimentally
measured composition of POPC, PPC, cholesterol, cholesteryl ester and tri-
glyceride molecules. The self-assembled droplet from coarse-grained simula-
tion was subsequently wrapped with four apoA-I chains (tetrafoil model) and
reverse transformed. The lipid-protein interactions and the structural organiza-
tion of lipids in HDL were analysed through multi-microsecond coarse-
grained and united atom simulations. The model is validated by reproducing
various experimentally determined properties, such as the density of HDL,
apoA-I chemical cross links, diffusion coefficients of lipid fractions and order
parameter of lipid acyl chains.
1. Huang et al., Apolipoprotein A-I structural organization in high-density
lipoproteins isolated from human. Plasma Nat. Struct. Mol. Biol.2011, 18 (4)
416-422.
2. Vuorela et al., Role of Lipids in Spheroidal High Density Lipoproteins PLoS
Comput. Biol.2010, 6, e1000964.1254-Pos Board B205
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Synaptotagmin (Syt) acting as a calcium sensor promotes SNARE-mediated
membrane fusion by docking to target membrane. Here we study the C2A
domain of Syt7, which triggers Ca2þ-dependent release of large dense-core
vesicles in several cell types, by doing atomistic molecular dynamics simula-
tions and Poisson-Boltzmann calculations. The association of the Syt7 C2A
with membrane (POPC:POPS¼3:1) was found accompanied by seesaw-like
movements of the protein, primarily due to two significant interactions: (1)
the electrostatic attractions between the negatively-charged lipid headgroups
and the positively-charged residues in the loops L1-L3 and (2) the hydrophobic
interactions between the lipid tails and a critical phenylalanine residue F167.
Good linear correlation was found between the EPR measured penetration
depth parameters and the theoretically calculated average penetration depths
for a large number of residues.
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Bacillus thuringiensis phosphatidylinositol-specific phospholipase C (BtPI-
PLC) is an amphitropic enzyme which cleaves GPI-anchored proteins off the
outer surface of eukaryotic plasma membranes. Amphitropic proteins bind spe-
cifically and transiently to the surface of cell membranes, and their functions
are regulated upon binding. It is commonly acknowledged that non-specific
electrostatic forces are responsible for their long-range interactions with mem-
branes. Using continuum electrostatics calculations we show how, despite hav-
ing an overall negative charge (7e), the charge distribution of BtPI-PLC leads
to favorable electrostatic interactions with anionic membranes. However, the
resulting electrostatic binding free energy, which is essential for membrane
binding, is quite low. Mutation of a single, key basic residue to alanine dimin-
ishes this long range electrostatic contribution making it difficult for BtPI-PLC
to associate with membranes. Once close to the membrane surface, short range
non-specific hydrophobic interactions and specific cation-pi interactions with
the N(Me)3 groups of phosphatidylcholine (PC) lipids of the membrane likely
come into play for BtPI-PLC binding to the membrane surface. 500ns-long all-
atom molecular dynamics simulations of BtPI-PLC docked to mixed bilayers
with varying ratio of zwitterionic lipids indeed confirm this. Finally, we see
that the interplay between long range electrostatics and short range, PC specific
cation-pi interactions governs the specificity of BtPI-PLC for PC rich mem-
brane. Moreover, our results show that BtPI-PLC can achieve favorable electro-
statics interactions with lipid bilayers without having surface-exposed basic
clusters suggesting that such clusters are not always necessary for the regula-
tion of amphitropic enzyme binding.
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Accumulating evidence suggests that an immune response can be triggered by
the presence of abnormal lipid components, such as phosphatidylserine (PS), in
the outer leaflet of the cellular membrane. The T-cell immunoglobulin and
mucin domain (TIM) family of proteins recognize PS exposed on the surface
of the membrane. TIM proteins are expressed by numerous cell types, and
despite their close structural similarity, they are involved in triggering different
immune responses. These specific roles have been attributed to different fac-
tors, including differential binding modes of TIM proteins to anionic mem-
branes and their variable sensitivity to lipid composition of the membrane.
In order to study the mechanism of membrane binding by TIM proteins,
we have performed MD simulations of TIM1 and TIM3 employing our
Monday, February 9, 2015 249aenhanced-dynamics HMMMmembrane model. For each protein, we have per-
formed a total of 30 independent simulations with different lipid compositions
(1:1 PC:PS and 7:3 PC:PS), providing robust statistics to characterize the
membrane-bound form of these proteins. The results suggest that, despite the
overall structural similarity, TIM1 and TIM3 establish different interactions
with the membrane upon binding. Moreover, simulations show that in addition
to the PS-binding pocket found in TIM proteins, other specific protein-
membrane ionic interactions can be formed in each case, suggesting a molec-
ular basis for their different biological roles.
In addition to MD simulations, the orientation of TIM1 and TIM3 in model PS-
containing membranes has been characterized using X-ray scattering. The
agreement between the X-ray experiments and the MD simulations provide a
detailed description of the membrane-binding mechanism of TIM proteins.
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Association and diffusion of peripheral proteins to the cell membrane during
many signaling and trafficking events in the cell occurs via lipid-binding mod-
ules e.g. pleckstrin homology (PH) domains. PH domains are a highly structur-
ally conserved family of proteins which is believed to associate with various
phosphatidyl inositol phosphates (PIPs) molecules in the plasma membrane
thus initiating multiple signaling cascades. Despite the available structural
and functional data for a variety of different PH domains the diffusive and in-
teracting dynamics of these proteins with the lipid membrane and in particular
with PIP molecules has been veiled. Using a coarse-grained molecular dy-
namics simulation approach, we investigate the localization and dynamic of
different PH domains on a lipid bilayer surface of complex phospholipid
composition. Our results demonstrate that the different PH domains associate
with the PIP molecules in the membrane via a highly positively charged loop
in good agreement with available experimental data. We also show that trans-
lational and rotational diffusion of PH domains on the lipid membrane surface
exhibit transient sub-diffusion. Moreover, we find that fluctuations of the num-
ber of PIPs binding with the PH domains exhibit 1/f noise. Constructing a
dichotomous process for the number of the PIPs, we find that the process can
be regarded as a correlated renewal process where residence times are
correlated.
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Gram-negative bacterial outer membrane, which is a highly asymmetric lipid
bilayer, is composed of an outer membrane protein along with phospholipids
(PLs) forming the inner leaflet and lipopolysaccharides (LPSs) forming the
outer leaflet. Outer membrane protein F (OmpF) porin is a trimeric integral
membrane protein responsible for the passive transport of small hydrophilic
molecules such as nutrients and waste products across the outer membrane
of Escherichia coli (E. coli). Here, we report the structural properties of a model
of the E. coli-K12 outer membrane and its interaction with OmpF using molec-
ular dynamics simulations. Immunochemical and other experiments suggested
several cell-surface exposed epitopes (antibody binding sites), which were
recognized by various monoclonal antibodies (MAbs). Molecular details of
interaction between LPS core sugars and surface of OmpF suggest the impor-
tance of LPS core sugars in shielding of these epitopes. Results are compared
with experimental evidence, which showed that with shortening of the LPS
core sugars (rfa E. coli-K-12 mutants), the number of MAbs, that recognized
porin surface epitopes, increased sequentially. To check the stabilizing effect
of LPS structure on the extracellular loop conformations, results of interaction
between OmpF and asymmetric E. coli-K12 bilayer are compared to those from
OmpF simulations in a DMPC bilayer. In addition, overall membrane proper-
ties such as, electron density profiles, per-lipid surface area of each lipid type,
and chain order parameters are compared with E.coli-K12 outer membrane in
absence of OmpF. These results are also compared to our previous molecular
dynamics results with E. coli-R1 outer membrane with OmpLA. Overall, mem-
brane structural properties are comparable, however, individual lipid properties
showed slight variations.1259-Pos Board B210
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The hydrophobic nature of membrane proteins requires their study in a
membrane-mimicking environment that maintains their stability and function.
This is typically accomplished using detergents above their critical micelle con-
centration (CMC). The ones most commonly used are dodecylphosphocholine
(DPC) and sodium dodecyl sulfate (SDS). Hundreds of membrane-active pep-
tide and protein structures have been determined by solution NMR in these de-
tergents. However, the structure of these protein-micelle complexes is not
known in atomic detail. Atomistic simulations of detergent self-assembly are
computationally expensive and involve long time scales. Here, we propose
modeling detergent-protein complexes using an implicit water approach. The
CHARMM36 force field is used to treat the surfactant and the protein in atomic
detail and the EEF1 implicit solvation model is used for water. Solvation pa-
rameters for the surfactants are adjusted to reproduce experimental aggregation
numbers and CMC values for the pure micelles. To validate the approach, addi-
tional molecular dynamics simulations were performed on small membrane-
active peptides to confirm the stability of their experimentally determined
structures in the micellar environment. This approach provides atomically
detailed information on protein-surfactant complexes at a modest computa-
tional cost.
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Because a-Synuclein binds to anionic lipids and synaptic vesicles consist of
12% 18:0-22:6 phosphatidylserine (SDPS), we asked where this asymmetric
lipid partitions, and how it affects a-Synuclein partitioning in a lipid raft sys-
tem. Our coarse-grained molecular dynamics simulations of SDPS in a lipid
raft composition show that 18:0-22:6 PS partitions to the liquid disordered
phase (Ld). Additional simulations of lyso-18:0 and lyso-22:6 and subsequent
energy fluctuations analysis demonstrate that SDPS partitioning to Ld is due to
the 22:6 acyl-chain’s greater affinity for Ld than the 18:0 chain’s affinity for Lo.
Furthermore, we show that a-synuclein’s preference for anionic lipids drives it
to join SDPS in the Ld phase. Knowing that the remainder of the synaptic
vesicle composition is largely uncharged, we propose that SDPS will drive
a-synuclein to Ld regions of the synaptic vesicle mixture.
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Melittin is a 26-residue lytic peptide that is more effective at degrading zwit-
terionic membranes than membranes containing anionic lipids. At high pep-
tide/lipid ratios there is evidence that melittin forms toroidal pores lined by
peptides and lipid head groups, as opposed to the ‘‘barrel-stave’’ model where
transmembrane peptides fully line the pore in a cylindrical manner. However,
the detailed structure of these pores remains unknown. Microsecond all atom
molecular dynamics simulations of a closely packed tetramer were performed
in an effort to determine a well-equilibrated stable pore structure. The trajec-
tory in DMPC shows early formation of a toroidal pore which remains stable
for the remainder of the 9 ms simulation. An additional 9 ms simulation from
the same starting structure was performed in membranes containing 25%
anionic lipids (DMPG). In that case, despite a limited initial entry of water
and head groups in the membrane hydrophobic core, no stable pore was
observed.
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The Membranome database (http://membranome.org) has been created. The
database is focused on structural models of single-spanning (bitopic) trans-
membrane (TM) proteins and their oligomeric complexes. Current version of
Membranome collects data on bitopic proteins of six model organisms, Meth-
anococcus jannaschii, Escherichia coli, Saccharomyces cerevisiae, Dictyoste-
lium discoideum, Arabidopsis thaliana and Homo sapiens that represent
different kingdoms of life. It provides comprehensive information on more
than 4,500 bitopic proteins, including their three-dimensional (3D) structures,
interactions, biological functions, topology, localizations, and classification.
The structural data comprise available experimental structures and 3D models
of TM alpha-helices that were generated using our new thermodynamic model
